Summary The aim of this paper was to provide epidemiological evidence to support the notion that cervical intraepithelial neoplasia (CIN) without human papillomavirus (HPV) is a true entity. If a diagnosis of HPVnegative cervical neoplasia is erroneous, one would not expect there to be any differences in risk factors between HPV-positive and HPV-negative patients. Patients at a gynaecological outpatient clinic of a university hospital [a total of 265 consecutive women with dyskaryotic cervical smears who were subsequently diagnosed with CIN I (n = 37), CIN II (n = 48) or CIN III (n = 180)] completed a structured questionnaire regarding smoking habits and sexual history. Analysis of an endocervical swab for Chlamydia trachomatis, analysis of a cervical scrape for HPV, and morphological examination of cervical biopsy specimens were also performed. HPV was found in 205 (77.4%) out of the 265 women. Univariate analysis showed that current age (P= 0.02), current smoking behaviour (P = 0.002) and the number of sexual partners (P = 0.02) were significantly associated with the presence of HPV. Age at first sexual intercourse, a past history of venereal disease or genital warts, and current infection with Chiamydia trachomatis were not associated with the presence of HPV. Using multivariate logistic regression analysis, the number of sexual partners and current smoking behaviour showed an independent significant association with HPV. HPV-negative and HPV-positive CIN patients differ with respect to the risk factors for HPV. These findings suggest that HPV-negative CIN is a separate true entity.
Cervical intraepithelial neoplasia (CIN) is a morphologically defined lesion associated with the development of cervical carcinoma. In the conventional morphogenetic model CIN is separated into three grades according to the degree of cellular atypia and disturbance of the epithelial architecture (Richart, 1973) . The infection with human papillomavirus (HPV) is strongly associated with cervical neoplasia. HPV shows considerable genetic heterogeneity (De Villiers, 1989) , and a great diversity of HPV types is found in CIN Lungu et al., 1992; Bergeron et al., 1992) . Known risk factors for cervical HPV infection are a comparatively young age and an increased lifetime number of sexual partners (Schiffman, 1994; Woodman, 1994) . Smoking has also been identified as a risk factor .
Several investigators are of the opinion that all cervical neoplasms are caused by HPV. At the 13th International Papillomavirus Conference in October 1994 in Amsterdam Mufioz et al. (Franco, 1994 ) revised a previously reported 85% detection rate of HPV in cervical carcinomas to 95%. Franco (1994) reported that this figure was still being scrutinised by the authors and it was likely that additional HPV-positive samples would be declared, raising the detection rate to very close to 100%. Such a result would be at odds with previous observations that HPV-negative and HPV-positive patients with squamous cell cancer of the cervix differ with respect to age and prognosis (Higgins et al., 1991; Riou et al., 1990) . Opinions regarding the prevalence of HPV in CIN are fairly consistent. Schiffman (1994) mentioned that in their studies the prevalence of HPV in definite cases of CIN approached 100%. In the past they had reported a lower prevalence in low-grade CIN because they could not test for the full spectrum of HPV types and they had not yet minimised cytopathological misclassification of low-grade CIN. False HPV-negative neoplasia specimens could in fact represent instances of sampling error or insufficient test sensitivity, or cases caused by unknown HPV types that could have been missed by current detection systems.
In the study presented here we compared HPV-positive and HPV-negative CIN patients with regard to the risk factors for HPV infection. These groups are not expected to differ with regard to age, sexual variables and smoking if the diagnosis of HPV-negative CIN is in fact erroneous. The results of our study indicate that true HPV-negative CIN does exist.
Materials and methods Patients
Patients were recruited from the outpatient clinic of the Department of Gynaecology, University Hospital Groningen. They were either referred by their general practitioner, owing to an abnormal cervical cytology report, or the cervical cytological abnormality was discovered during gynaecological examination. Patients were eligible for participation in the study if they had two mildly or moderately dyskaryotic cervical smears or one severely dyskaryotic smear. These cytological criteria for eligibility correspond with the grounds for colposcopy as agreed by cytopathologists and gynaecologists in the Netherlands. In the case of mild or moderate dyskaryosis the interval between the two abnormal smears was a maximum of 1 year. Patients were not eligible if they had previously undergone a colposcopic examination because of an abnormal cytology report or if their cervical smear was taken during pregnancy. All the patients were invited to the outpatient clinic to obtain data using a structured questionnaire and to have a cervical scrape taken for HPV analysis and an endocervical swab for Chlamydia trachomatis analysis. During the 5 year period from 1 September 1988 to 1 September 1993, 343 consecutive patients were eligible for participation in the study. Twenty-three patients were excluded for the following reasons: two patients did not want to be involved in the study, two patients had insufficient command of Dutch or English, four patients were pregnant at the time of colposcopy and 15 patients were not treated in accordance with the study protocol (i.e. no cervical scrape for HPV analysis, or no biopsy, or no treatment when the biopsy disclosed cervical intraepithelial neoplasia). Finally, a benign change or (micro)invasive carcinoma was histologically found in 41 and 14 patients respectively. Therefore, 265 newly diagnosed patients with CIN were included in the study. Some of these patients were also included in previous studies on HPV and CIN (Burger et al., , 1995 6, 11, 16, 18, 31 and 33 separately (Melchers et al., 1989; Claas et al., 1989) . If the general primer-mediated reaction was positive but the reactions for types 6, 11, 16, 18, 31 and 33 were negative, the type remained unknown. The laboratory staff were unaware of the histological reports.
Morphological examination Four weeks after the cervix had been scraped we took representative colposcopically directed biopsy samples of atypical epithelium. If CIN of any grade was diagnosed we subsequently excised the whole transformation zone by loop electrosection or cold knife conisation. Diathermic loop excision was used if the squamocolumnar junction could be visualised entirely and did not extend up into the canal for more than 5 mm from the anatomical os externum. The details of the technique have been described previously .
Cervical neoplasia was diagnosed and graded according to the criteria of the World Health Organization (Poulsen et al., 1975 regard to a qualitative variable, we used the x2 test. These non-parametric tests were performed using the SYSTAT software package (Wilkinson, 1990) . The x2 test for trend and the logistic regression analysis were performed using the EGRET software package (EGRET, 1992 (1993) . After adjustment for current smoking behaviour and age we found a significant relation between the lifetime number of sexual partners and the presence of HPV. In the linear logistic model the predictive information from the lifetime number of sexual partners was optimised by using three categories: 1, 2 and > 3. If a woman had had three partners, a further increase in the number of partners did not affect the probability that she would be diagnosed with a cervical HPV infection. A relation between the lifetime number of sexual partners and HPV infection, adjusted for smoking behaviour and age, has also been demonstrated by Kataja et al. (1993) and Bauer et al. (1993) . We emphasise that adjustment should be made for smoking if the impact of sexual behaviour on the occurrence of the HPV infection is studied. This follows from the fact that we demonstrated an association between the lifetime number of male sexual partners and smoking behaviour, as has also been done in a study on women attending a university health service (Ley et al., 1991) and on women attending a sexually transmitted diseases clinic (Willmott, 1992) .
It is commonly assumed that a comparatively increased number of sexual partners indicates the involvement of a sexually transmittable agent. However, there are also several arguments for non-sexual transmission routes (Woodman, 1994) . Our inability to demonstrate a relation between HPV infection and sexually transmitted diseases contributes to the doubts about the importance of sexual transmission. We could not detect an association between the occurrence of HPV and a past history of venereal disease, a past history of genital warts (which are associated with the 'benign' HPV types of 6 and 11) or current cervical Chlamydia trachomatis infection. Owing to the fact that several sexually transmitted diseases frequently occur together one would expect to find an association between the presence of HPV and sexually transmittable agents. Other investigators did not find an association between the occurrence of HPV and Chlamydia trachomatis in women attending an STD clinic (Claas et al., 1992) .
In the univariate analysis we found an inverse relation between the occurrence of HPV and age. This age dependency of the HPV infection has been reported in groups of healthy women (De Villiers et al., 1992; Melkert et al., 1993) and in cervical carcinoma patients (Higgins et al., 1991). All the studies showed that the younger the patient, the higher the chance of detecting HPV. These findings 835 indicate that age should also be considered as a confounder in comparative studies. The prevalence of HPV in healthy young females is high. Dutch investigators, who used a general primer-mediated polymerase chain reaction, detected cervical HPV infection in 25% of the women aged 20-25 years who underwent a routine check-up by their general practitioner because they were using oral contraceptives (Melkert et al., 1993) . This figure represents the result of a single determination and repeated determinations at given time intervals are known to result in much higher figures (Schneider and Koutsky, 1992) . The combined epidemiological evidence is compatible with the notion that the majority of young people will acquire a genital HPV infection, either by a sexual or non-sexual route. Apparently, most HPV infections resolve spontaneously with increasing age. A small percentage of women will suffer from persistent infections with neoplasia as a possible consequence if the HIPV type concerned is oncogenic. Nevertheless, our study provides strong arguments in favour of a non-HIPV-related aetiological route for cervical neoplasia.
